Forecasts of the regional economic impacts of changes in the .demand for recreation occasioned by regulatory changes, changes in the quality of the recreation experience, or changes in average trip costs require a model that links changes in these trip attributes to individual participation decisions and population participation rates. The probability that an individual will take a particular recreational trip is described using a nonlinear random effects probit model based on variable trip attributes and individual economic and demographic characteristics. These conditional individual probabilities are transformed into predictions of changes in total recreation demand using a simulation-based sample enumeration method. The regional impacts associated with ensuing changes in primary and secondary expenditure patterns are elucidated with a stand-alone recreation-sector module linked to a regionally adjusted ziP .
Introduction
The lure of world-class fresh and saltwater sportfishing opportunities makes Alaska's Kenai Peninsula one of the state's most visited regions. This study examines the regional economic impacts of expenditures related to the saltwater sport fisheries for Pacific halibut (Hippoglossus stenolepis), and chinook (Oncorhynchus tshawytscha) and coho (0. kisutch) salmon that take place lin the marine waters of Lower and Central Cook Inlet. Most of these trips originate from road-accessible segments of the western shoreline of the Kenai Peninsula. In addition to non-monetary benefits enjoyed by visiting and resident anglers, sportfishing contributes to the economic well-being of Kenai Peninsula communities as infusions of new money filter through tourism related businesses and circulate within local economies.
The decision to take a sportfishing trip is based on the expectation that the benefits of taking the trip will exceed the associated costs. Consequently, an understanding of how that decision depends on individual demographic characteristics and attributes of the recreation experience allows prediction of how angler behavior will change in response to changes in trip attributes. For example, changes in fish stock abundance that affect catch rates or regulatory measures that affect bag and possession limits will be perceived by anglers as changes in the attribute bundle associated with their fishing trip. By expressing the likelihood that alternative fishing trips will be taken in probabilistic tenns, we can develop confidence bounds around estimates of changes in participation rates and associated changes in regional expenditures.
Examples of recent policy initiatives that highlight the need for regional impact analyses to account for the contribution of recreation activities include: damage assessments associated with the SS Glacier Bay and S S Exxon Valdez oil spills; potential risks associated with outer continental shelf petroleum development lease sales adjacent to prime commercial and recreational fishing grounds in Lower Cook Inlet and the Gulf of Alaska; and, management decisions to detennine the allocations of allowable catches between commercial, sport, and subsistence fishers. Because oil exploration, development, and production activities in Cook Inlet could affect the productivity of adjacent fishing grounds and the "This paper may not be used or quoted without the authors ' permission. Partial funding for this project was provided by Alaska Sea Grant with funds provided under grant 98-403 R14-17 and from the Minerals Management Service through the University of Alaska Coastal Marine Institute project 12-35-0001-30661 task order 14196. The views expressed herein are those of the authors and do not necessarily reflect those of the institutions or agencies with which they are affiliated. quality of recreational activities, economic impact analyses are required to demonstrate the range of potential adverse impacts to communities (Northern Economics 1990; Cohen 1993; MMS 1995; Herrmann et al. 2000) . Another example is the allocation of Pacific halibut between commercial fishermen and sportfishing charterboat operators. Sportfishing in Alaska has increased considerably in the last few decades. Total purchases of fishing licenses have increased from 90,565 in 1961 to 431,894 in 1997 . Over the same period, sportfishing catches of Pacific halibut have increased from less than 2% to 18% of total removals. Because Pacific halibut is a fully subscribed fishery with an overall limit on allowable removals, increases in sport catches necessitate concomitant reductions in commercial harvests.
Such allocation decisions are subject to statutory and regulatory requirements to consider the effect on net benefits to the nation and the impact on small entities, including communities and small businesses. I
Estimates of the magnitude of consumer and producer surpluses and associated regional economic impacts are necessary for formal compliance with these requirements (Herrick et al. 1994 ).
The commercial and sport fisheries of Lower and Central Cook Inlet both contribute to the economic well being of residents of the Kenai Peninsula, Alaska, and the nation. Economic aspects of the commercial halibut fishery have been subject to considerable analysis (e.g. Crutchfield and Zellner 1962; Lin et al. 1988; NPFMC 1991; Homans 1993; Criddle 1994; Herrmann 1996; NRC 1999; Herrmann 2000) . Economic aspects of Alaska's commercial salmon fishery have been examined at a similar level of detail (e.g. Herrmann 1993 Herrmann , 1994 Herrmann and Greenberg 1994) . In contrast, there has been little formal analysis of Alaska's marine recreational fisheries. Coughenower (1986) provides a qualitative description of the halibut guide/charter fishery. Jones and Stokes (1987) provide a small-sample estimate of the consumer surplus associated with halibut and salmon sportfishing. Northern Economics (1990) provides an estimate of the economic impact of the s.s. Glacier Bay oil spill that includes a qualitative I Regulatory guidelines for implementation of the Magnuson-Stevens Fishery Conservation and Management Act require that an attempt be made to assess the net economic benefits to the nation of all management actions that affect federally managed fisheries . The Regulatory Flexibility Act requires that the economic impact that proposed federal regulations would have on small entities be assessed in advance of management action. While these requirements do not specifY the methodologies to be used in meeting statutory and regulatory analysis requirements, recent court decisions have set aside management actions based on ad hoc or informal economic assessments. discussion of sportfishing benefits. Our study raises the level of sportfishing analysis closer to that available for the commercial fishery. We do so using an econometric model of the determinants of individual participation decisions, a simulation procedure to aggregate across individual decisions and estimate total sportfishing effort, and a regional input-output model that describes primary and secondary expenditure patterns. This approach results in a behaviorally based integrated model of the regional economic impacts of changes in the demand for sportfishing occasioned by, for example, management actions, environmental damage, or natural fluctuations in the abundance of the target species and substitute target species.
Data and Models
The participation and regional impact models rely on data collected by a postal survey of a random sample of 4,000 anglers who purchased an Alaskan sportfishing license in 1997. The survey solicited socioeconomic and catch data, detailed information regarding expenses incurred on recent salmon and halibut fishing trips, and stated preferences for hypothetical trips. In addition to expenditures directly related to fishing, respondents were also asked to report other trip expenses including transportation and lodging costs. Overall response to survey exceeded 70%. The survey design, sample frame, and responses are described in Lee et al. (1999) . Herrmann et al. (2000) summarizes the survey results and crossvalidates them with common elements from the Alaska Department of Fish and Game statewide sportfishing harvest survey (ADF&G 1998).
Attributes that affect participation in Lower and Central Cook Inlet saltwater sportfishing trips include the number and species of fish caught (including retained and released fish), average catch weight, and trip cost. On an average trip, Alaskans caught 1.71 halibut, 0.19 chinook salmon, and 0.06 coho salmon weighing 34.2, 28.3, and 10.6 pounds each, respectively. The mean nonresident trip included catches of2.43 halibut, 0.14 chinook, 0.31 coho, and average fish weights of42.7, 30.9, and 9.6 pounds, respectively.
Linking sportjishing trip attributes, participation decisions, and regional economic impacts
The regional economic impact of sportfishing depends on the number of participants and their expenditure patterns. We grouped recreational fishers into categories because reported expenditures varied substantially across participant origins and sportfishing modes. The residency categories were:
Kenai Peninsula Borough residents (local); other Alaskan residents (non-local Alaskan); and, other US citizens (nonresident). The sportfishing modes were: fishing from shore (shore); fishing from a vessel hired for the trip (charter); and, fishing from a vessel that is personally owned or otherwise made available to the trip taker without payment of a rental fee (private). Thus, we model nine distinct (24.4%) for nonresident trips was simply to visit and vacation in Alaska. Freshwater fishing and visiting relatives were also important motives for nonresidents . While the empirical model can be used to estimate the probability that the average angler will take a specified trip, it does not explicitly account for how the probability that a particular angler would take that trip is affected by differences in the primary purpose of that individual's visit to the Kenai Peninsula. To account for these differences, we assumed that individuals who expressed saltwater fishing as the main purpose of their trip would forego their visit to the Kenai entirely if expectations of adverse angling conditions discouraged them from fishing at all. Individuals whose primary trip purpose was to visit friends or relatives, conduct business, or to take a cruise ship voyage or hunting trip were assumed to substitute other activities on the Kenai Peninsula if halibut and salmon saltwater sportfishing conditions were unattractive or unavailable.
These assumptions were applied as a downward adjustment to the number of angler days in order to estimate total expenditures that were uniquely attributable to the salmon and halibut sportfishing opportunities in Lower and Central Cook Inlet. The total expenditures in Table 1 can be regarded as a measure of the economic significance, in terms of output in 1997 dollars, of the Cook Inlet marine sport fisheries for halibut and salmon. For purposes of generating economic impacts to the western Kenai Peninsula, we begin with a 1997 baseline of $28.5 million. Increased or diminished angler spending will depend on changes in demand for recreational fishing, which is in part, a function of the expected trip attributes. This relationship is explored next.
Participation-Rate Model
Changes in expected catch or the expected size of fish caught (changes in trip attributes) affect the average sport fisher's decision to participate in (take) a sportfishing trip, regardless of whether the attribute change is due to natural population fluctuations, regulatory change, or environmental damage.
That is, changes in fishery regulations, environmental quality, resource abundance, or trip costs, affect participation decisions. In contrast to previous studies (e.g., Holland and Ditton 1992 , Aas 1995 , Thunberg et al. 1999 that model population-level changes in the demand for recreational fishing based on exogenous demographic characteristics, we modeled the individual participation decision as a binary dependent variable explained by price, demographic characteristics, and angler success expressed in terms of the composition, magnitude, and average size of fish caught. The model can be expressed as:
( 1) The dependent variable y7t takes on the value of 1 (0) if individual i with demographic characteristics Zil would (would not) have taken trip t with price Pit and trip attributes nits and xits' Where the Zil are realizations of categorical variables representing per-capita household income, gender, age, and education for individual i , Pit is the price paid by individual i for trip t, nits is the number of fish of species s (halibut, chinook, coho) caught by individual i on trip t , and Xits is the average weight of fish of species s caught by individual i on trip t . The functions ;; ( .) and 12 ( • ) were specified as simple second order polynomials. Specifically, 11 ( .) includes linear and quadratic terms and cross-products for all three species and 12 ( .) includes linear and quadratic terms in the number of halibut caught. This specification allows for non-constant marginal utility of catch and substitution/complementarity effects across species. The function 13 ( .) was specified as linear and additively separable in all variables.
Survey respondents were presented with trips described by a combination of: one of three costs levels ($100, $170, $240 per day); one of four halibut catch (keep and release) levels (0, 2, 4,6 fish per trip); one of four average halibut weights (0, 20, 40,80 lbs per fish); one of three chinook catch levels (0,1,2 fish per trip); one of four average chinook weights (0, 15,25,50 lbs per fish); one of four coho catch levels (0, 2, 4, 6 fish per trip); and one of two average coho weights (0, 7 lbs per fish). Efficient specification of hypothetical trip attributes, and survey design and administration are described in Lee et al. (1999) . Equation (1) was estimated along with indicator variables to differentiate between Alaskans and nonresidents. Because the same general study design was presented to each group, only one random effect parameter, p, was estimated. Estimates of the 35 parameters and associated t-statistics are reported in Table 2 . Twenty-six of the parameters are significantly greater (less) than zero at the 5% level and the point estimates of the parameters and their signs accord well with economic theory: the price coefficients are significantly less than zero; the coefficients on halibut, chinook, and coho weights and halibut catches are significantly greater than zero; the weight and catch squared terms are all negative, implying that anglers experience decreasing marginal utility; and, the cross-products of the weights of halibut, chinook, and coho are significantly less than zero, suggesting that catches of each species are substitutes for catches of the others. The presence of an identifiable random effect is supported by the statistical significance of the estimated parameter. With the exception of gender in the Alaskan equation and education in the nonresident equation, the demographic characteristics were not statistically significant.
Model forecasts are based on the sample enumeration method (BenAkiva and Lerman 1987), which takes into account differences in socioeconomic characteristics and variability in the number of days fished per year by developing forecasts for each individual in the sample. This information is used to weight the simulations by the number of days fished:
Where Ui,j is the forecast of indirect utility for individual i taking a fishing trip characterized by attributes j, j = 0 denotes the initial or starting point fishing trip attributes and j = 1 denotes the new fishing trip attribute levels based on an a percent change from the j = 0 levels, %~ means percentage change, <I> ( • ) is the cumulative normal distribution function, and daysi is the number of days individual i fished in marine waters off the Kenai Peninsula in 1997. Confidence intervals around the separate estimates for Alaskan resident and nonresident participation-rate levels were generated following Krinsky and Robb (1986) .
Input-Output Model
Input-output models have been widely used to evaluate the regional impacts of development projects and regulatory policy changes. Examples include assessments of the impacts of changes in National Forest harvest policies (Summers and Birss 1991) , federal grazing policies (Geier and Holland 1991) , community development strategies (Geier et al. 1994) , and regulatory changes in management of commercial crab fisheries off Alaska (Natcher 1996) and guided sport fisheries off New England (Steinback 1999 ).
We selected IMPLAN (Olson and Lindall1997) as a base for our model. IMP LAN includes a representation of 21 economic and demographic variables for each of 528 industrial sectors. We obtained zip-code area level IMPLAN data sets; the smallest geographical resolution available for coverage of the western Kenai Peninsula. In regions such as Alaska, with small numbers of firms (frequent disclosure problems), and a rapidly evolving and heavily resource dependent economy, it is particularly essential that the transaction coefficients be groundtruthed to the greatest extent practicable. Consequently, team members spent two weeks in the study region meeting with individuals, business owners, industry representatives, and local government officials for purposes of improving the original database. Only 138 of IMP LAN's 528 sectors are present in the western Kenai Peninsula. Corrections to the output and value added components for each IMPLAN sector for each zip code area are detailed in Herrmann et al. (2000) .
Because recreational fishing is not explicitly represented in IMP LAN, we developed a programming module to disaggregate IMPLAN sectors that include recreation-based activities to highlight activities generated by recreational fishing. This module utilizes IMP LAN generated response coefficients and secondary regional economic data as inputs in model formulation. The secondary model data is augmented with data for the target sectors (e.g., sport/charter industry) supplied from primary and secondary sources as well as discussions with industry representatives. Thus this module, through its input-output framework, explicitly accounts for linkages between various economic sectors, according to production and consumption patterns. Individual sportfishing activities are accounted for by expenditure patterns in retail and service sectors rather than treated as direct income generating activities such as guiding, harvesting, and processing. The recreational fishing module allocates recreational expenditures among these sectors. The sportfishing expenditure data were obtained from response to the angler survey Bushnell and Hyle (1985) , Wolsky (1984) , and Gillen and Guccione (1990) suggest approaches that directly modify the technical coefficients matrix. Jensen (1997) and Steinback (1999) 
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A model of the average charter operation's expenditure patterns was constructed using data reported in NPFMC (1997, 2000) as well as discussions with local experts and members of industry. Standard Industrial Classification (SIC) codes for the corresponding inputs were translated to the IMPLAN sectoral scheme and a production function was estimated for the 1997 charter sector sales value of $13.6 million, based on average per day charter fees and Alaska Department of Fish and Game estimates of charter client days (see Herrmann et al. 2000) .
The SIC based coefficients were aggregated according to their corresponding IMPLAN sectors to provide an estimate of the average production function for the marine charter sector and are reported in Table 3 . These technical coefficients were applied to the baseline charter sales data presented in Table 4 (For a more detailed accounting of the individual expense categories, corresponding SIC codes and translation to the IMPLAN sectoral scheme, see Herrmann et al. 2000) . Impact scenarios were run in IMPLAN to generate response coefficients for all other expenditure categories. These response coefficients and those developed for the charter operation sector were then integrated into the stand-alone recreational module . Where data limitations prevented construction of original production functions, the model defaults to the values reported for input coefficients in Jensen (1997).
To be useful, impact models should be linked to a demand model for the activity in question.
Although an accurately groundtruthed input-output model may correctly predict the regional impact of a given change in the number of sportfishing trips taken, that capability is of limited value in the absence of a companion model for predicting how the number of sportfishing trips varies as a function of observable or controllable trip attributes. That is, for an impact model to serve as a tool for evaluating the effects of management actions, fluctuations in resource abundance, or environmental damages, it is essential to know how those attributes affect participation rates. The relevancy of our impact simulations arises from the empirically (behaviorally) based model of participation decisions.
Simulations and Software
The simulation model uses the participation rate model, baseline expenditure estimates, and IMPLAN generated response coefficients to estimate the economic impacts of changes in angler spending to the western Kenai Peninsula. The impacts are expressed in terms of output (sales), income, employment, and other value added variables. Altered spending behavior is driven by changes in participation, which are determined by changes in trip attributes (e.g., fish catch and size, and trip cost). We apply the resulting percentage changes in effort, by residency and fishing mode, on a one-to-one basis to baseline angler-day expenditures that are directly attributable to sportfishing.
The simulations begin with the probability that the average angler will take a sportfishing trip, given a set of trip attributes. Regional economic impacts are measured in relation to baseline of expenditures and vary as sport fishers respond to changes in fishing trip attributes. Each of the nine categories of sport fishers (local, non-local Alaskans, and nonresidents x charter, private, and shore) is represented by a distinct expenditure pattern in the integrated model. We begin by using the total spending on the western Kenai, $28,524,174 reported in Table 1 . This value can be regarded as a measure of the economic significance of the marine sport fishery in terms of sales, or output. However, this value includes spending by local residents. Because we assume that local residents freely substitute between sportfishing and other regional recreational activities, their expenditures need to be netted out. increase. This result is consistent with the principle of declining marginal utility where utility, and therefore participation, increases at a decreasing rate with incremental changes in angler success.
The software module used to calculate changes in economic activity from hypothetical changes in expected trip attributes is described in Hamel et al. (2000) . The model allows users to simulate changes in expected fish catch, size, and trip costs and to isolate these effects to the economic activities of specified fishery modes (charter, private, shore). Although the module was groundtruthed to 1997 values, it can be applied to more recent periods by incorporating updated effort data and using an inflation index. For example, in 1999 when the total fishing days on the lower Cook Inlet was 185,114 angler days, it is estimated that nominal expenditures of $23,485,259 was spent in the region by non-local Alaskans and nonresidents ($14,124,718 of fishing related expenses and $9,360,541 of other expenses). However, these dollar estimates still hinge on 1997 survey data for individual expenses and as would all future estimates until a new survey is undertaken. Because the 1999 estimated expenditures are slightly lower than in 1997, and the resulting effects of changes in expected catches would be slightly less.
Conclusions
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The regional economic impact of recreational activities depends on the number of participants and their expenditure patterns. Variations in the number of participants arise from changes in the demand for recreational activity and are, in part, due to alterations in expected trip attributes. Consequently, modifications of trip attributes alter the probability that the mean recreationist will take a given trip, change the expected number of participants, and affect regional economic activity. The advantage of formally linking a behaviorally based model of the demand for recreation with a regional economic model is that so doing allows a direct evaluation of the economic impact of predictable or controllable changes in trip attributes.
This approach is demonstrated in an application to the Lower and Central Cook Inlet saltwater sport fisheries for Pacific halibut and salmon. In the application, an econometric model of the determinants of individual participation decisions is linked to a simulation procedure to aggregate across individual decisions and estimate total sportfishing effort, and a regional input-output model that describes primary and secondary expenditure patterns. Altered spending behavior is driven by changes in participation, which are determined by changes in trip attributes (e.g., fish catch and size, and trip cost). The expenditures are summed and multiplied by the response coefficients to generate estimates of the economic impact of regulatory or environmentally induced changes in fishing trip attributes. The participation model is stochastic and allows for non-constant marginal utility; consequently primary and secondary impacts exhibit nonlinear responses to variations in trip attributes. In addition to being consistent with the theory of declining marginal utility, the nonlinear response of participation to changes in catch has practical relevance: a linear model would over-predict the increase in angler effort associated with an increase in catch or fish size and under-predict the reduction in angler effort that would result from a decrease in catch or fish size. Moreover, because the model is stochastic, confidence bounds can be estimated for changes in participation rates and associated changes in regional expenditures. The software module used to calculate changes in economic activity allows users to simulate changes in expected fish catch, size, and trip costs and to isolate these effects to the economic activities of specified fishery modes (charter, private, shore). 14 A baseline, reflecting the 1997 mean trip, is reported along with five sample levels of changes in expected catch rates. Such variations in catch could result from natural fluctuations in abundance, changes in allocation between commercial, subsistence, and sport fishers, changes in bag and possession limits, or environmental damage resulting from, for example, minerals exploration, development, production, or transportation activities.
In any large-scale economic study, there is a tradeoff between economic realism and cost in terms of money and time. This analysis is one of the most complex attempted for valuation of a sport fishery.
However, every study is limited by explicit and implicit economic assumptions and data limitations. In this study, where there was plenty of theoretical work but very little precedence for applied analysis, much of the applied work was new territory. Looking back over the project some things worked out very well and others could have been improved. For the future, one area that needs further addressing is that in the participation model, when estimating the changes in the probability that individual fishers would take a trip, given varying trip attributes, it is assumed that the price of the trip will remain constant. In other words, we assume that supply was perfectly elastic. While this assumption is reasonable for shore and private trips, it is probably incorrect for charter trips. To the extent that charter trips make up a sizeable portion of sportfishing effort, and to the extent that charter trips do not exhibit perfectly elastic supply curves, there may be price adjustment especially in the short-run. For example, charter operators might respond to a short-run change in expected catches by lowering their prices and keeping their customer base rather than holding prices constant and losing customers as assumed by in our model. While our assumption is valid in the long run, it may be less accurate in the short run. This paper may not be used or quoted without the authors' permission.
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